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(64) Itochanlcaltyjoinlng an inner ttibo to an outer tube 

(57) Am0thodofJo1nlngm6ChitfiicaI^anlnn9rtube(2)toan 
outer tube (1 ) by radial «xpan^ of at least the innor tubo 
wSh ttie aid of an internal oveipressure. 

The method Is particulafly characterized by filling tf)e 
Inner tAm (2) w&h an explosiw gas of determined 
compodtion, temperature and praasure, and by ign^ and 

explocflng the gas. 

A com (14, Fig. 2. not ^own) may be used to reduce the 
amount of gas required. 
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^ MPtimd and Arranoane nrh f«r MeciTanicallY JoiniiKi an Inner 7^ to m 
Outer T\ibe 

5 TDe present invettion relates to a method for joining an inner tube neth- 
anicaUy to an outer tube by radial esqponsion of at 3fiast the inner tube 
by DBars of an internal ovecpcessure. 

as» invaition also relates to an arrangaaent for carrying out tiie aethod. 

10 

It is often desiraWbe in the oil inaustry# tte chemical industry and in 
iwdear power plants, etc. to provdde steel tubing or piping with an 
internal non-oorrodii^ ling made for instance of stainless steely Dxxnel, 
Inoolloy cr titanium, 

15 

For scma usages, it is necessary to band tiie lining to the cater tube 
atordcally, \Jhich can 33e adueved with the aid of explasim welding, 
extrusion cr surface welding technlxjues. 

20 Other usages, however, require solely a mechanical press joint, \inx±i can 
be adiieved ty pressing an inner tube of non-ootroding natecial radially 
outwards and into contact witti tiie outer tube, with the aid of an internal 
l iq iii^ pressure. JOtematively, the outer .tube can be heated during the 
pressing operation, so that the joint will be straigthened by ^airikage 

25 as the outer tube cools. 

In order to achieve a good join between the tubes, cr pipes, the material 
of the inner txte ^ksuM be dtef oKmed above its elastic limit and the cuter 
iniw> material def annad witliin tte limits of its elastic limit. 

30 

Mthough the known methods of creating a mechanical join are less expensiv 
than the methods for achieving an atonic bend, they are nevertheless 
con^licated and cost denaniing due to the large dimensions and lengths of 
the tubing or piping conoemed. Fc»r exaople, a 36" oil pipe of 12 metres 
35 in length will aoconBOdate stout 7-5 cubic metres of pressure medium. 

Irre^jective of whether radial eaqsanslon is effected with 1*e aid of a 
l^draulic punp or with the aid an ea^dosive ciarge In water, tte qfde 



period is quite oansiderai>Le and handling is relatively difficult due to tlie 
amount of liquid used. 

The present inventimi pnj\ddfis a quicker and a sljjpler method of effecting 
5 a inechanical join or connection betweai an inner nanrcotroding liner or 
tube and an outer tube. 

Ohe present invention «ius relates to a mettiod of joining roecfaanically an 
inner tube to an outer tube by radial expansion of at least the inner tube 
10 with the aid of an internal overpressure. 

*me method is particularly diaracbarized in that the inner tube is filled 
witili an eaqplosive gas of detemdned OGiqposition, taiperature and pressu r e, 
and in that the gas is caused to be ignited and e aq plodpd. 

15 

Bie invention also relates to an arcangement for joining aechanically an 
ixnser t'^N* tn an outer tube by radial expansion of at least the inner tube 
by means of an internal o v e r p r e ss ure, 

20 Ihe arcangenent is particularly characterized by devices for filling the 
inner tube with an explosive gas of determined OGsnpositlcn, tenperature 
and pressure; and by devices for igniting tiie eo^xlosive gas and causing 
the same to expljnde* 

25 The invention will now be described in more detail with reference to 
exenplifying entodimsnts liiereof and with ref erencae to the aoxnpanylxig 
drawings, in which 

- Figure 1 iUustxates schematically and in axial section a first eaoBbodi- 
mmt of the inventive ar r a ng e ment; and 
30 - Figure 2 is an J^y^ai section view of an iim^ tube, an outer tuber and 
a filling tube cr liner of a seoond enbodijnent of the inventive arxanganent. 

In the description and daims, the word gas is used to idattlQ^ bo& 
individual gases and gas mixtures, for eaanplB esplosive m i xt ures of 
35 cQonbustiMe gas and an oxidizing gas* 



Shown in Figure 1 is an outer tube or pipe 1 in which an inner tube or 
lining 2 is placed, Ihe tubes are Closed at both aids ly end covers 3, 
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3». A mixture of oambustible gas 5, e-g. hydrogen gas, aoetylene, hydro- 
carbais such as gasol, town gas, gasolene, etc. , and an oxidizing gas 6, 
such as o)OTen gas or air is introduced throu^ one of said end covers. 

5 Ihe explosive gas is intended to be exploded ty ignition vdth, e,g., an 
electric spark or a pyrotechnic igniUcn cartridge. The Illustrated 
entodia^ oonprises an electrical ignitioi system, including qjark plug 
7, cable connection 8, and a hi^ voltage unit 9. 

10 The reference 10 itottif ies a non-return valve ^Aiich prevents the explosion 
fton propagating to the gas delivery system iflpon ignition, 

Hie pressure generated within the iimer tube fcy ©plosion of the gas is 
determined by the composition, pressure and tenperature of tiie gas prior 
15 to the eo^losion. Gas pressure can also be affected by inlxiiig-in other 
gasesi such as nitrogen, carfxan dioxide, etc. 

Expansican of the iraer tube is facilitated when the g^ 1^ defOJied bets^een 
oppoeii^ surfaces of the iimer and outer tubes is evacuated of air during 

20 the tube joining process, for instance pricr to the esqfi o si m . Ohis can 
be aciiieved, for instance, with the aid of a hole 1« thnMcjh the outer 
tube 1 (Figure 1) which places the gap 1* in canaunication with the anftdent 
surroundings of the outer tube, the gap beii^ evacuated, for instance, 
throu^ a nipple 1> ♦ » ani a vacuum punp not ^icwn* In order to obtain a 

25 controlled and r^axjdudible e)qoansican, gas quantities and gas pressures 
axe preferably Gontrolled by autonatics 11, caafirigwd of solenoid valves 
and tiane-ftmcAion electronks for instance. Aooocding to one preferred 
aitadia^, tte eiecgy ocnbent of tt» e^^losive gas is intended to be 
adapted for plastic defooBticm of the inner tube and solely for elastic 

30 defonoation of the outer tube. 

Ihe air is evacuated through a line 12 fitted with a valve, prior to 
introducing liiB eiq)losive gas. Alternatively, the Una is left open 
during t*e initial inflow of gas and is closed when tlie gas pressure 
35 increases. This method is used preferably when tlie air is used as an 
oxidizing gas. 



mm the explosion has taken place, the pressure is relieved throu^jh a 



pressure relief line 13, whereafter the end covers are removed. 



In the case of continuous producticn, the end ccrmr thrcu^ vdiidi the gas 
is iittroduced is preferably fixedly mounted and the opposite end cover is 
5 capable of being noved axially by means of taY^braulic devices (not ^lown) 
for exanple. 

In the case of large tube diniMisixjns, the inner tube will aooamnodate mudi 
note gas tiian that required for its expansion* In this case, tte gas may 

10 be given a low initial pressure or my be adndxad witli an inert gas oar 
air. toother alternative is bo reduce the volimie of the inner pipe, by 
placing tliecein an honogenous or tollcw rod, as ixxiicated in Figure 2. In 
tlie Figure 2 eabodiaient, 1 icteitifies the outer tube, 2 identifies tiie inner 
tube and 14 itoitif ies a rod or a thicSc-walled tube- Ibe end covers with 

15 attaciments shoro in Figure 1 are not sbcwn in Figure 2* The gas is 
introduced into the inner tube and caused to explcde in the space 15 
bebuem the bar or tube 14 and the inner tube. 

Ibe invCTtive method and tiie nethod of operation of the inventive arrange- 
20 mmt will be understood in all essentials fraa the aforegoing. 

It will also have been unctecstood that the invention pcovides a method of 
joining nechanically an inriBa: tube to an cuter tube in a far guicicer and 
much sinpler manner than can be aciiieved witti town technigues, 

25 

Uie invention has been described in the aforegoing witli reference to 
different edaodiiuaits. It will be understood, hcwever, that other eobodi- 
mants and minor modifications are conceivable witiiin tte scope of the 
inventive concept* 

30 

Year exanple, the gap !• can be evacuated through one of tiie end covers 3, 
3' , as indicated by tlie brctoi arrw 3" in Figuce !• 

Ohe invention rf^^Tl not tterefare be considered limited to tte aforedes- 
35 cribed and illustrated aQbodiments, sines modifications can be made witiiin 
the scope of the following Claims. 
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1. A method far joining roeciianicadly an inner tube to an cufcer tube fcy 
5 radial expar^im of at least the inner tube, with the aid of an internal 
overpressure, characterized by filling the inner tube 
with an explosive gauB and 1^ igniting the gas and causing the sane to 

explode. 

10 2* A tDsthod aococding to Claim 1, characterized by adjusting 
the energy CGntent of the explosive gas ujpan ignition and explosion, such 
that the inner tube will be deformed plastically and the outer tube will 

only be deformed elastically* 

IS 3* A nei±od aooordii^ to Claim lar2, characterized by 
evaouatiig air ftm the inner tube prior to introducing the o^lxjsive 
gas. 

4. A nethod aoocrding to Claim 1 or 2, characterized ky 
20 evacuatij^ air fcan the inner tube %dLt±i tba aid of a gas intended to 

fonn an explosive gas. 

5. A JBStbiDd acoordir^ to r^9^^m i, 2, 3ar4, characterized 
ty decreasing the ^secif ic energy oontait of the explcGive gas by using a 

25 relatively low initial pressure and/car by diluting the gas with an inert 
gas, such as nitrogen or carbon diasdde. 

6. A method aooording bo daim 1, 2, 3, 4 cr 5, charac- 
terized by reducing the available gas-*f illing volume of the inner 

30 tube hj placing a body in the inner tube. 

7. A method aooocding bo Claim 1, 2, 3, 4- 5 or 6, charac- 
terized by evacuating the gap defined betweai the iimea: tube 

and the outer tiibe of air during the tube joining process. 

35 

8. A tnethod acoocding to any one of the pojeoedlng Claiss, char- 
acterized by placing the tubes between two covers 
which sealingly OGnnect the tubes; pxividing an esqilosive-gas delivery 



lim at one &^ oover %ftiich is preferably fixedly arranged; 

providing evacuatiai outlets at the other mi cover, ^lAddtk 

is preferably ^paM** of being ncved axiaUy by loeans of hydraulic devices. 

5 9. A method according to any one of the preceding dains, char- 
acterized in that the oombistlhlp part of ttse ei^lcsive gas 
is conpdsed of one of the gases hydrogen gases, acetylene or hydrocarbon 
gas, as gasol, town gas or gasified petroleum products. 

10. An azxangement for joining mechanically an inner 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing into the inner 
tube an explosive gas; and by a fxarther device for 
^ igniting the explosive gas to explode the same. 

U. An arrangesnent according to dain 10, fUrtiier caaptisixkgi a 
device for adjusting the energy c uiten t of the p x plnslve gas so that 
the inner tube is defamed plastically and so that the outer tube 
20 is defonnad only elastically. 

12. An a rr a ngement according to Claim 10 or U, further 
coiBprisiiig an evacuating device for evacuating air from the 
inner tube prior to or in conjunction with introducing the eaqilosivB 

25 gas. 

13. An arrangement according to Claim 10, 11 or 12, further 
coo^risiQg ' devices for delivering an inert gas to the inner tube 

so as to reduce the sp&dfic energy content of the explosive gas« 

30 

14. An arrangement according to Claim 10, 11^ 12 or 13, 
further comprising a body for insertion into the inner 
tube so as to reduce the available gas-f llling volume In 
said inner tube. 

35 

15. An arrangement according to Claim 10, 11, 12, 13 or 14, further 
comprising a device for evacuating the gap defined betSifeen 
the inner tube and the outer tube during the tube joining process. 
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16. An arranqaaent aooardim to CLaAm 10, 11, 12, 13, 14 or 15, 

further coc«pri8ing two end covers between whicSi ttie 

tubes are sealingly disposed; in that an explosive gas deUvery 

Una Is providad in a first of said end cavers said aid- 

cover preferably being fixedly mounted; and in that evaoiatlOT cutlets 

are provided in the oOier of said «r>d oovecs, said end cover 
preferably being aoveable asdally by means of hydraulic devices for 
instance. 

17. A method for Joining an Inner tube to an outer tube 
by radial expansion substantially as herein described and 
illustrated with reference to the accompanying drawings. 

18. An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
accompanying drawings. 
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